Abstract-Recently, Wireless Sensor Network (WSN) are an important research area because of its real-time response, accurate, improved node capability, low in cost and simple infrastructure. Because of the huge number of sensor nodes, the main issue of WSN is the estimation of their location. The nodes which are deployed may not be known their own position. In localization, different techniques are used for estimation to gain the coordinate of the node. In this paper, we reviewed on the current techniques in estimation phase for indoor localization from 2013 to 2018. This reviewed will be useful for the researchers to implement the techniques for estimation phase to increase the accuracy.
I. INTRODUCTION
Wireless Sensor Network (WSN) have increase rapidly in the various field for monitoring application [1] . There are two important components in WSN called as an anchor and unknown node [2] . Anchor is a sensor node that have their own location information, while the unknown node is a sensor node that we do not know their position information. The process of estimation the location for unknown node is called as the localization [3] . Localization is one of the issue in WSN because the information that detected by the unknown node is useless without knowing the location of them. Knowing the node location will lead to efficient in routing, power saving and locating the source of the data. Accuracy is a main issue in the most current localization techniques. Accuracy can be defined as how close is the reading to the truth node location where knowing the node location with high accuracy make the delivery of information becomes more efficient. Accuracy also can be measured by percentage of localization error rate [4] . The lower localization error is achieved; the higher accuracy can be obtained. Localization accuracy is affected when position of node is wrongly estimated [5] . When the localization information by some node givens a wrong information of coordinates, it will lead to propagates wrong information throughout the network. Consequently, the overall accuracy of the localization process can be decreased [5] .
There are two types of the localization: indoor and outdoor. For the outdoor localization, the location of the node can be estimated by employing the global positioning system (GPS) [6] . In GPS, minimum three satellites signal are needed to be maintained throughout the outdoor localization process [7] . The outdoor localization is widely used for the forest fires monitoring, industrial applications, logistical, transportation and etc. [8] . While indoor localization is used to give a precise position of node inside the building or indoor environment such as shopping mall, university campus, parking lot, hospital and etc. The main challenges for indoor localization is full of obstacles that obstruct the signals transfers between emitters and receivers, and a wide variety of materials, shapes, and sizes affect signal propagation highly than in the outdoor scenarios.
With the localization hardware such as GPS, the sensor node can estimate the location [9] . But the GPS is not a good option in term of the costing, inefficient energy, and indoor environment [10] . The cost for installed GPS technology each of the node is very expensive and the node life time will be short because the GPS uses the energy from battery to gain a signal. Furthermore, the signal from the GPS satellites is too weak to penetrate the buildings, making GPS is not working for indoor localization [11] . Thus, another alternative localization technique is needed to replace the GPS for indoor localization. This paper reviewed on the available technique for estimate location of nodes in indoor environment. In general, indoor localization involved two phases which are, ranging and the estimation phase [12] .
The ranging phase is the measurement that use to measure the range between one node to another. The process in ranging may use the angle measurement or the signal calculation to get the distance between two nodes. There are two methods in ranging phase which are range based and range free [13] . In the range based, there are four techniques available which are the Time Of Arrival (TOA), Time Distance Of Arrival (TDOA), Angle Of Arrival (AOA) and Receive Signal Strength Indicator (RSSI) [14] [18] , is called as the hybrid localization technique [12] .
In the estimation phase, unknown node coordinate is estimated based on the gained information of the distance or angle from the anchor node. There are various techniques are proposed to increase the accuracy of node location based on the different problems and applications. Depending on the estimation process that calculate the distance between the anchor and the unknown node, the estimation process can be divides into three main categories: Traditional Method [23] , Optimization Method [19] and Hybrid Method [20] . The traditional technique including trilateration, multilateration, triangulation, and Maximum Likelihood Estimation (MLE). The optimization method technique is divide into heuristic and meta-heuristic which is categorized based on how the problem is solved [21] . The example of heuristic technique including Simulated Annealing [22] while the meta-heuristic example such as Particle Swarm Optimization [23] , Fuzzy Logic [24] and Neural Network [25] . Currently most researcher improved the solution for localization by using the hybrid method which is the combination of any different technique [20] such as combination between Differential Evolution(DE) with Particle Swarm Optimization [26] .
The accuracy of the localization performance may affect by the existence of noise [27] , number of node in the network [28] , the coverage of the network [29] and the location of anchor [30] . Ignoring the accuracy in the estimation process will affect the localization result in term of producing inaccurate location of node [31] . Despite this, not many researchers have focus on investigating accuracy of the estimation phase in localization process.
Thus, this study aims to investigate the available estimation techniques that has been proposed in literature to improve the accuracy of the localization detecting nodes location for indoor localization process. For this review we collected publication dated 2013-2018 from the major publication such as IEEE Explore, Scopus and Springer, ACM and others, to get the latest trend from the research community in solving this issue. Figure 1 show the number of publication that collected the related databases. From the figure, we can see the publications is from IEEE Explore database which is 8 publications. Then Scopus, Springer and ACM database are 1,1 and 13 publications respectively.
The rest of this paper is structured as follows: Section II illustrates the techniques that has been proposed to solve the estimation problem. Section III provide a discussion on the performance of the reviewed estimation techniques. Section IV concludes the study along with presenting the future trends of this research field. Percentage of collected database of Estimation Phase
II. ESTIMATION TECHNIQUE FOR INDOOR LOCALIZATION
In the localization process, there are variant algorithms available for node positioning estimation phase. Those algorithms are also focusing to improves the localization accuracy for indoor environment. In this paper, all the reviewed techniques are categorized into three main categories named as traditional, optimization and hybrid method involves. Traditional method means the basic step to solve localization. Optimization method focus on solving localization problem by manipulating the intelligence technique. Furthermore, the hybrid method is the combination of any different technique or algorithm to solve the problem. Figure 2 show the percentage of technique in this review. Percentage of collected database of Estimation Phase
A. Traditional Method
Zhu et. al [32] have proposed the trilateration based improve RSSI. The increasing of the Access Point (AP) in the building and the existence of mobile smart device, it can to realize self-localization. The results show the large calculation error in localization algorithm, however the localization accuracy is raised without increasing the complexity and cost. Besides, Javaid et. al [33] have proposed the trilateration to minimize the error in estimate the node location. It is also considering the nodes in Line of Sight (LOS) and execute on device IRIS motes. The results show that the proposed estimation location algorithm can minimize the errors that usually occur within the estimation of distance. Furthermore, Valli et. al [34] simulated the trilateration in Contiki-Operating System (OS) by implemented a radio propagation model used to convert the signal strength into distance. However, in the real environments, it is highly affected by obstacles, noises, and type of the antenna, which makes it hard to be modelled by a mathematical formula. The proposed solution is applied to search the blind node in the network with minimizing the localization error. The simulation is repeated 100 times and the result shows the average of localization error is at 1.9 meters where the error margin is not accurate enough but, considering the multi path, affect of antenna and shadowing the localization error is acceptable. The author suggests by apply multilateration to improved node position.
On the other hand, Bekcibasi et. al [3] have proposed a new solution by employing a dynamic distance reference anchor method to increase the accuracy of localization. Multilateration of four anchor nodes are used to increase the estimation of the unknown node. The RSSI employed as the parameter to measure the distance. The experiment show that the proposed solution shows better measurement results than the traditional trilateration localization. This is because the proposed solution uses of the correction coefficient during localization process. It can be concluded that the proposed solution has improve the node localization.
In addition, Nguyen et. al [35] have proposed the Maximum-likelihood based multihop localization algorithm called kHopLoc. The proposed algorithm aims to gain higher accuracy in varying network configurations and connection link-models. The algorithm uses statistical information for the multiIHOP connection probabilities, localization results is improved. The author suggest kHopLoc can be used with GPS and range-based localization to improve performance and energy consumption in WSNs.
B. Optimization Method
Li et. al [36] have proposed the localization model in multidimensional optimization problem by using improve PSO. This proposed algorithm address to improve the precision and efficiency issues and solve the flip ambiguity problem. The experimental results show, proposed algorithm has enhanced precision and computing time than traditional PSO and Hybrid PSO. Besides, Jin [37] has proposed the PSO in Radio Frequency Identification (RFID) technology. PSO is use to find the location of the RFID after the processing of the de-noising. The positioning accuracy have been improved by considering the concept of weighting in positioning. The result shows the proposed technique can able to realize the positioning of node accuracy accurately.
Furthermore, Zhang et. al [38] have proposed PSO on mobile robot for indoor environment. This proposed consider the fluctuation radio signal that have been influenced by environmental factors that bring adverse affect on the distance measurement and performance of robot localization. With continuous of particle, the position to get the best solution of objective function can be use as the final estimated position. The weighted recursive filter is applying to depress the measurement noise. The experimental results show the proposed algorithm slightly increase the localization accuracy. However, this proposed algorithm take longer time when applied on large-scale of network. Wang et al [39] have proposed a novel of NoneLine of Sight for indoor localization based on PSO. In this research TOA is applied as the ranging phase technique. In order to estimate the location of unknown node, this research employed PSO with a constriction factor (PSO-C) as objective function. The results show that proposed algorithm can reduce the impact of NLOS error and improve the positioning accuracy, even the number of beacon nodes is large. For future work, the proposed algorithm could be extended to the distributed localization and apply it to the mobile localization to improve the effectiveness of particle filter.
Gharghan et al [40] have proposed the log-normal shadowing model (LNSM) based on based on Adaptive Neural Fuzzy Inference System (ANFIS) model to for indoor and outdoor environment. The technique proposed is to improve the accuracy of distance estimation. The RSSI value from the ZigBee is to have the localization process. The experimental result show the proposed solution increased accuracy and localization error is significantly minimized. However, the computational and convergence time are increased because of ANFIS optimization process.
C. Hybrid Method
Cao [41] has proposed the RSSI technique hybrid with PSO and Quasi-Newton algorithm for estimation phase. The PSO is used to get minimum fitness value while QuasiNewton algorithm, is used to solve a nonlinear optimization problem. The proposed solution is able to improve the localization speed and precision affectively. The result shows the average localization error is improved. However, the impact of increasing the localization error will increase the ranging error. On the other hand, Chen et. al [42] have proposed indoor localization by improved unscented Kalman filter. The Kalman filter is employed to filter the receive signal. The indoor environment is exposed to the noise that give the affect in transmitting RSSI between anchor and unknown nodes. In the experiment, the result show that the average localization error is reduced and consequently the accuracy of localization estimation is improved by running the proposed technique. The proposed algorithm can improve the indoor localization by overcoming the noise problems in transferring signal process. Janapati et. al [43] have proposed the localization by using Crammer Rao Bound (CRB) to select accurate nodes as the anchor nodes. Meanwhile, Extended Kalman Filter (EKF) use to find the location of node. PSO is use to find the optimum location of node. The idea of this proposed algorithm is to overcome the problem of the high latency, network traffic, computational complexity and increase the positioning accuracy. The experiment show that the proposed algorithm reduces the complexity and achieved least of the mean square error. Furthermore, Yang Gong et. al [44] proposed the Radial Basis Function Neural Network (RBFNN) combine with PSO to overcome the problem of large localization error. The improved inertia weight in PSO increase the global search performance itself, to optimize the weight of the RBFNN. The improved PSO shows the fastest convergence speed and better fitness value. It improving the accuracy of node and this algorithm is affectively estimate the node location in indoor environment.
In the other hand, Gharghan et. al [45] have proposed a solution based on Particle Swarm Optimization with Artificial Neural Network (PSO-ANN) based on log-normal shadowing model (LNSM). PSO-ANN algorithm is used to select the optimum number of neurons in the two hidden layers and to achieve the optimum learning rate of ANN and estimate the location of mobile node. The proposed algorithm is focusing to the estimate the mobile node for both indoor and outdoor environments. The result shows that PSO-ANN is significantly reduced the distance error. The proposed technique can be use both indoor and outdoor and can be applied into static or mobile nodes. Furthermore, Gharghan et. al [24] also have proposed the hybrid technique using Neural Fuzzy Inference System (ANFIS) and Artificial Neural Network (ANN). The aim in this technique is to estimate the distance between bicycles moving on the cycle track for outdoor and indoor environment. The limitation of this study is the proposed technique is in real-time as the implementation requires a considerable huge amount of memory. The big computation process affects limited memory size and processor speed of the microcontrollers. While, Li et. al [46] have proposed Wi-Fi based indoor localization by using affinity propagation (AP) clustering algorithm based PSO-ANN. The PSO-ANN technique enables to adapt to the complicated indoor environment and it is the fast learning and prediction speed that can reduce the time consumption. The purposed technique aims to improve the prediction time and reduce positioning error. The results from the experiment show that the proposed algorithm reduce mean localization error better than the traditional NN algorithm, Back Propagation Neuro Network (BP-ANN) model and PSO.
Furthermore, Lu et. al [47] have proposed a model for mobile sensor network by using the Artificial Bee Colony (ABC) algorithm. The proposed algorithm is able to reduce the localization error and refine the estimate coordinate of mobile sensor node. To improve the accuracy, the Improve Monte Carlo Localization (IMCL) algorithm is applied in estimation coordinate phase and ABC will refine the location of node. The result shows that the proposed solution has the lowest estimation error at 0.4-0.43 meter compared to Monte Carlo Localization (MCL), IMCL and Monte Carlo Localization Boxed (MCB). The simulation show ABC-IMCL method can reduce the average estimation errors.
A new hybrid algorithm was proposed by Kawahama et. al [48] that implemented RSSI and the angle of the LED Light for Wireless Multimedia Sensor Network (WMSN) localization. In the proposed algorithm, RSSI information is used to calculate the distances from the anchor nodes and the images that sensed by the camera that calculate their own position with high accuracy. The result shows that the proposed solution has estimation error at 73% compared to the RSSI value.
Fuzzy-Logic based Path Planning for mobile anchorassisted Localization (FLPPL) have proposed by Alomari et. al [4] and was applied into the mobile anchor. This proposed algorithm is used to construct the movement pattern for mobile anchor in order to gain the minimum localization error and maximum localization ratio. Localization error represent as the quantity of localized nodes divided by the total number of unknown nodes. The localization ratio is improving when the FLPPL algorithm able to share their own location that helps to spread the localization information to nearest node. However, the experiment is running with the zero obstacle. In the Future, the author suggests to the experiment with the obstacle and three dimensional scenarios and this paper suggest to employ PSO to optimize the fuzzy function.
Zhao et. al [50] have proposed the combination of Maximum Likelihood Estimation (MLE) with PSO. This algorithm is proposed to reduce the error in RSSI ranging, due to the complexity of the indoor environment. The large ranging error will affect the value of localization error. The MLE algorithm is used to confine the initial range after the ranging phase then the localization process will have localized by PSO. The comparison between MLE and PSO in the experiment shows that the estimation error in MLE is better when the raging error is small. But when ranging error is increase the result in MLE is also increase. However, PSO is stable when the ranging error is increase. MLE-PSO, the ranging error is more stable and the accuracy is higher compare to the traditional MLE and PSO.
The different in Jia et. al [49] , anchor is randomly deploying in search network. To get the accurate location, the anchor need to calculates the distance from their neighbor node. The experiment shows the increasing number of node, the more stable result produce from proposed algorithm. Simulation show that the PSO-RSSI algorithm is better than the traditional RSSI algorithm by reduces the positioning error and improves the positioning accuracy.
Li et. al [51] was proposed the hybrid solution for indoor localization using the Artificial Immune System based Radial Basis Function Neural Network (AIS-RBF-NN). The proposed algorithm is employed the RFID technology because of the large range and low energy consumption. Artificial Immune system is used to optimize the selection of radial basis functions and RSSI values was input into AIS-RBF-NN. The experiment show that the proposed algorithm has the lower average positioning error then traditional RBF-NN. In the future, the researcher address to investigated the adaption on the mobile RFID applications. Furthermore, the deployment schemes should be studied to support larger range of RFID tags and combine RFID indoor location with the historical record of tag identification in the coming Big Data era.
III. DISCUSSION
We have discussed form the previous section in various localization technique for estimation phase. However, most of the researchers are improving only one or two parameters such as computational time and accuracy or localization error and localization ratio, and they are considering with other parameters such as the existence of noise. In the other hand, the researchers are providing some solutions for addressing the missing parameters to increase the accuracy.
The highest result of accuracy for estimation nodes shown by [45] using ANN algorithm and combining with PSO. ANN algorithm is used to select the optimum number of neurons in the two hidden layers. Next, the PSO algorithm used for choosing the best number of neurons in each hidden layer to get optimum learning rate of the ANN. The result is improving significantly where the average localization error around 0.022 meters. From the reviews we can also identify the lowest of accuracy which is proposed by [39] using the same PSO with the constriction factor (PSO-C). For the ranging phase a technique call TOA is applied. The deficiency of average in the localization error around 1.879 meters. Although NLOS error is reduced using NLOS identification method based on residual analysis, the localization error still high. However, the proposed method actually success to reduce the influence of NLOS error and increase the accuracy when then number of node is added continuously. Table IV show the summary of the highest and lowest accuracy based on localization error. The top three is the best accuracy result, and the rest is the lowest. The size of network may affect the accuracy of the localization. The experimental result presented in [43] by deploying a randomly nodes in indoor environment with the area of 600×600 meters show the computational time and positioning accuracy are able to be handle using the proposed solution. Even though the accuracy improved, it makes the network not efficient because of the complexity time in the localization process. This happened because the use of Ultra Wide Band (UWB) signal need a large bandwidth and high resolution. Presented in [47] by using ABC in the large network area 500×500 meters and focus in localized of the mobile node has been improved the localization error. However, the estimation node error will terrace following the increase of Degree Of Irregularity (DOI). This result show, the grown of network size affect the computational time indoor localization. Table V show the summary of the size network from five larger network size. Furthermore, the number of anchor and unknown node also address in our discussion. After we examined the proposed literature, the highest number of anchor is proposed by [49] with a 50 anchor node, 100 unknown node and the network size in range of 100×100 meters. The result shows that the significant increase of the anchor number has led to gain the lower positioning error. Further, the experiment proposed by [4] used one anchor, 250 unknown nodes and the Dynamic Fuzzy-Logic Based Path Planning for Mobility-Assisted, show the localization ratio is quite high but still acceptable. From the above explanation can be observed that the anchor number can influenced the increasing of accuracy of the localization estimation. Table  VI show the summary of the number of node and anchor. The noise affect presented in [36] which is the ranging phase of localization has been considered as the affect of noise. By using PSO the experiment is applied Gaussian additive white noise randomly in each iteration. The result show that when the noise increase, the computational time and localization error also increase and vice versa. However, this proposed solution provides higher accuracy and less computing time. Different solution proposed in [37] by using the Signal Denoising for reducing the affect of noise in RFID tag. The reference tags in the search area with signal propagation model utilized using Virtual Reference (VIRE) algorithm. As the result, the positioning error improved when the space area is expanding. Based on these review, the noise that existence in the process must not be ignored and have to be handle in the best way. Impact of underestimate the noise will affect accuracy and complexity time.
IV. CONCLUSION
In this survey paper, we conclude our finding as in Table  I , II and III as show the summary of the accuracy, size network and number of nodes that influent the localization result. From our reviewed, we identified that hybrid method is widely used from 2013 to this present year for the estimation phase localization in indoor environment. The estimation methods are classified based on algorithm to improve the accuracy. RSSI with propagation model also widely used for the distance measurement in ranging phase. The growth of network size affect the computational time indoor localization problem. Although the hybrid method solved many accuracy problems in indoor localization issue, not many researchers addressing to solve the accuracy when involving a in mobile node. This can be initiate the future idea for further research in WSN field.
This field of research have big contribution to the academic field which can expand this research to a different application with employing and testing on different algorithm. Besides that, the research outcome from this field are able to improve human lifestyle and save people life by employing different kind of sensor node into Internet of Things (IoT) and Internet of Everything (IoE).
